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Site-specific interaction between α-synuclein and membranes probed by NMRobserved methionine oxidation rates Alexander S. Maltsev -S3 -was found to be ca. 10% of the total amount of oleyl fatty acid chains for the lipid preparation used for WT aS, and 8.8% for the lipid preparation used for the V49M mutant.
Oxidation reaction conditions. Oxidation reactions were set up with 100 µM acetylated WT or V49M aS. Buffer conditions were: 20 mM Na phosphate pH 6, 100 mM NaCl. Lipid concentrations used for the three V49M reactions were 5% w/v (L:P ~ 630), 2.4% w/v (L:P ~ 300), and 1.2% w/v (L:P ~ 150). Lipid composition was approximately 15% DOPS, 25% DOPE, and 60% DOPC (as mentioned above), with the concentration of oxidized lipids of ~8.8% for V49M
and ~10.0% for WT aS. Reaction mixtures were kept at room temperature in closed Falcon tubes, and 300 µL aliquots were taken at defined time points for analysis.
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Fitting of Met oxidation data for WT aS
Met oxidation in aS is described by Scheme S1. each aS molecule has two Met residues participating in the reaction, the decrease in the total amount of LOOH associated with full oxidation of both Met1 and Met5 is only 1.5%. Thus, under these conditions aS oxidation can be treated as a first-order reaction:
This system of differential equations can be easily integrated numerically, given the values of k X-Y and setting the initial conditions NN = 1, ON = NO = OO = 0 at t=0. Fitting the experimental data to predicted curves then involves minimization of the following error function:
where Δ is experimental error, estimated to be 0.01 on the basis of a 100:1 S/N in the spectrum of the fully reduced protein. The inner sum is performed over all experimental time points (in our case n=8). Notice that the outer summation doesn't include the population of the state OO. This accounts for the fact that, consistently with Eq S1, the total population must always be equal to unity (NN+ON+NO+OO=1), meaning that the populations of one of the four species cannot be considered independent.
Below, three different models, involving different numbers of adjustable parameters, are evaluated for fitting the experimental data. The uncertainties in the solutions found from the data fitting procedures are determined using a Monte-Carlo approach, where normally distributed random numbers with a standard deviation matching the experimental uncertainty (Δ=0.01) were added to all the experimental intensities. For each model the procedure was executed 200 times; the results of each run were stored, and the stored values were subsequently used to calculate the mean values and standard deviations of the fitting parameters. Comparison of the models Table S1 . Quality of fit to experimental data obtained for the three proposed models describing the time course of methionine oxidation for WT aS. 
Fitting of Met oxidation data for V49M mutant of aS
Addition of M49 considerably complicates the description of the oxidation reaction by increasing the number of different oxidized species to 8. The potential number of distinct oxidation rates k X-Y then increases to 12. This number of fitting parameters is too high to lead to a unique solution for the fitting problem. Therefore, we decreased the number of fitting parameters relying on certain considerations rooted in experimental observations, and expanded the application of "slowdown factors" similar to µ, introduced above. The main assumption we make is that M1 and M5 behave identically in the degree of slowdown that they can induce or experience. For example, the rates of M49 oxidation from state NON to NOO, and from state ONN to ONO are presumed to be the same, and equal to α times the rate of oxidation from NNN to NNO.
Again treating aS oxidation as a first-order reaction the following system of equations gives time evolution of all species: The importance of varying all of the parameters β, γ, and γ 2 independently (or at all) is not known a priori. The importance of the slowdown factor μ was established from fitting WT oxidation data.
Similarly, the factor α is important, because it describes the rapid slowdown in M49 oxidation with time observed in the experimental data ( Figure 3B , main text). and XN+XO=1 by definition, we treat only four of the experimental curves as independent: NN, ON, NO, and XN. Thus the definition of the error function used for data fitting is modified slightly compared to Eq S2:
Again, we fit the experimental data to several different models, two of which are described in more detail below. The mean and standard deviation of fitting parameters were calculated using the same Monte-Carlo approach described above for fitting of the WT data. The reason for considering this model as potentially adequate is the knowledge that the most Nterminal fragment of aS is pivotal in promoting lipid binding. 1, 5 Thus, one would expect oxidation of M1 and M5 to be much more important than oxidation of M49. The assumption β = α implies that oxidation of either M1 or M5 has as strong an effect on M49 oxidation as does oxidation of both M1 and M5 simultaneously. While this appears to contradict our observations of the effect of lipid titration on different oxidized species (Fig. 2 , main text), we found that making β an independent parameter has a negligible effect on the quality of fit.
The results of fitting the time dependence of the observed intensities for the oxidation reactions with different lipid to protein (L:P) ratios are presented in Table S2 . Table S2 . Values of fitting parameters obtained by applying "Model 1" to the three data sets measured for methionine oxidation of N-terminally acetylated V49M mutant of aS. While the possibility that M49 oxidation can have an effect on M1 and M5 was not anticipated, only by introducing an adjustable parameter γ < 1 can an adequate fit be obtained at high lipid:aS stoichiometery.
The results of fitting the time dependence of the observed intensities for the oxidation reactions with model 3 for the different lipid to protein (L:P) ratios are presented in Table S4 .
Comparison of the models Table S3 . Quality of fit to three sets of experimental data obtained for the two proposed models describing the time course of methionine oxidation for V49M mutant of aS. The introduction of the effect of M49 oxidation on M1 and M5 oxidation rates is most significant for the fit of the data measured at high lipid:aS ratio (630:1), when competition for limited space on the surface of the SUVs is minimal. Again, an F-test is used to evaluate whether the decrease in the error function is statistically significant. The F-test value F = (103.3 -46.8) / (46.8/22) = 26.9, with the corresponding P value P(26.9, 1, 22) = 3.4×10 -5 demonstrating that the improvement is indeed statistically significant, and that model 2 must be used for an adequate description of the V49M aS oxidation reaction. Table S4 . Values of fitting parameters obtained by applying "Model 2" to the three data sets measured for methionine oxidation of the N-terminally acetylated V49M mutant of aS. -methyl Met labeled V49M aS, for which Met1, Met5, and Met49 had been fully oxidized using lipid peroxides. The protein was separated from lipids by several cycles of methanol precipitation prior to the start of the experiments. Peaks for F4 and V48 in the initial state of the sample are shown in the top panels: the peaks are split into doublets by oxidized M5 and M49 respectively. After the addition of MsrA, the peaks corresponding to Met5-S-O and Met49-S-O lose intensity over time. In case of V48 the intensity shifts from the S peak to the peak corresponding to reduced M49. Analogously, for F4, the intensity of the peak corresponding to reduced M5 grows in. However this resonance, labeled ON, appears as a doublet, with its components corresponding to the Met1-R-O and Met1-S-O oxidations states, with Met1 in non-acetylated aS being a poor substrate for MsrA. This is confirmed by the L8 resonance, where only a single new peak corresponding to ON appears in the course of the reaction, with the effect of Met1-R-O and Met1-S-O being unresolvable at the larger distance from the N-terminus. The experimental conditions were: 100 μM V49M aS, 0.2 μM MsrA, 5 mM dithiothreitol, 1 mM diethylene triamine pentaacetic acid (DTPA), 20 mM Na phosphate pH 6, 288 K. TROSY-HSQC spectra were taken every hour on a 900 MHz spectrometer with acquisition times of 350 ms and 220 ms in the direct and indirect dimensions respectively. Graph showing the corresponding change in CD signature at 222 nm, reflecting the amount of α-helical structure, as a function of increasing lipid:protein ratio. Sample conditions: 20 mM Na phosphate pH 6, 150 mM NaCl, 5 μM N-terminally acetylated aS. The lipids consisted of 15% DOPS, 25% DOPE, 60% DOPC, and were ~10% oxidized.
